In wean-to-finish pig production, leftover finisher feed from the previous group is commonly blended with nursery diets as weanling pigs enter the facility. Two experiments were conducted to evaluate feeding the last finisher diet to nursery pigs. The timing (phase) and dose were evaluated. Each experiment used 1,260 pigs from two commercial research rooms with 21 pigs per pen and 30 pens per room (15 pens per treatment). Pigs were fed commercial nursery diets in a five-phase feeding program, and phase changes were based on a feed budget. In experiment 1, pens of pigs (initially 5.83 kg) were blocked by body weight, gender, and room and allotted to one of four treatments. Treatments included standard nursery diets throughout (control) or standard diets with 2.5 kg/pig of the last finisher feed blended at the beginning of phase 2, 3, or 4. Growth responses during the intermediate periods were promptly decreased (P < 0.05) once the finisher feed was introduced regardless of phase in which it was blended. However, during the overall nursery period, blending the finisher diet into phase 2 decreased (P < 0.05) average daily gain (ADG) and average daily feed intake (ADFI), but did not affect gain:feed ratio (G:F), compared with control to 3.75 kg/pig resulted in a linear decrease in overall ADG and ADFI. Economic analysis indicated no change in income-over-feed-cost due to the timing and dose of blending finisher feed into nursery diets.
pigs or those that had blended diet in phase 4 with blending of phase 3 diet intermediate. In experiment 2, weaned pigs were fed common phase 1 and 2 diets before the start of the experiment. At the beginning of phase 3, pens of pigs (initially 10.6 kg) were blocked by body weight and room and allotted to one of four treatments. Treatments consisted of a dose-titration of blending increasing amounts of finisher feed (0, 1.25, 2.50, and 3.75 kg/pig) into the phase 3 nursery diet. Overall, blending increasing amounts of the last finisher feed with phase 3 nursery diet decreased ADG (linear, P = 0.050) and tended to decrease (linear, P < 0.07) ADFI and final body weight. However, there was no evidence for difference in overall G:F. In conclusion, blending finisher feed into the early nursery diets decreased overall ADG and ADFI; however, pigs greater than 11 kg had improved ability to compensate for the negative effects of blending the last finisher feed on overall growth performance. Nevertheless, increasing the amounts of finisher feed fed to 11-kg pigs from 0
INTRODUCTION
In a wean-to-finish pig production, one of the challenges in feed management is to determine what to do with feed remaining in the bin at the end of the finishing phase after pigs have been marketed. The precision of budgeting finisher feed based on predicted feed intake and closeout dates is not perfect. Thus, there is often feed remaining in the bins that must be removed and transported to another site or fed to the next group of pigs. However, in a wean-to-finish barn, the next group happens to be weanling pigs. One strategy is to remove the feed. However, this is time consuming and expensive if the feed is disposed. If the feed is transferred to another group of pigs, this poses a biosecurity risk. Thus, a common strategy is to blend leftover finisher feed into the later stage nursery diets, which requires prolonged feed storage and may result in tandem blending of the early nursery phase diets. Therefore, information regarding the timing and maximum dose of the last finisher feed blended into nursery diets is needed to quantify and mitigate its negative effects. To address this problem, two experiments were designed to replicate a commercial production scenario where up to 7.5 metric tons of the last finisher diet was left in the bins at a 2,000-head barn; thus, up to 3.75 kg per pig of the last finisher feed would have to be fed to each nursery pig in the subsequent turn. Therefore, the objective of this study was to determine the effects of feeding finisher feed blended into different phases of nursery diet (experiment 1), and the dose effect of increasing the quantity of finisher feed blended (experiment 2), on nursery pig growth performance and production economics.
MATERIALS AND METHODS

General
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in these studies. The studies were conducted at New Fashion Pork's nursery research facility located in southwest Minnesota. Both of the experiments used two adjoining research rooms. Each room was equipped with 30 pens (2.59 × 5.56 m) that contained a three-hole dry self-feeder and a cup waterer to allow ad libitum access to feed and water. Diets were manufactured at the New Fashion Pork feed mill located in Worthington, MN.
During each of the experiments, feed additions to each pen were delivered and recorded by a robotic feeding system (FEEDPro; Feedlogic Corp., Willmar, MN). Pens of pigs were weighed and feed disappearance measured every 7 days to determine average daily gain (ADG), average daily feed intake (ADFI), and gain:feed ratio (G:F).
Experiment 1
A total of 1,260 weaned pigs [initially 5.8 kg; PIC TR4 × (Fast LW × PIC L02); PIC, Hendersonville, TN, USA; Fast Genetics, Saskatoon, SK, Canada] were used. Pens of pigs (21 pigs per pen, 30 pens of barrows, and 30 pens of gilts) were blocked by initial pen weight, gender, and room. Within blocks, pens were allotted randomly to 1 of 4 treatments with 15 replications per treatment. Pigs were fed commercial nursery diets in a five-phase feeding program (Table 1) with phase changes made by using a prescribed feed budget (Table 2) . Treatments consisted of a standard five-phase nursery diet program (control) and the standard program with 2.5 kg/pig of a last finisher diet blended in phase 2, 3, or 4 diets. The finisher feed did not contain ractopamine. In the blended diets, feed delivery followed the sequence of 1.25 kg/pig of the finisher diet, then a 50:50% blend of the finisher and standard diet, and ended with the remaining allocation of the budgeted nursery diet.
Experiment 2
A total of 1,260 pigs [initially 10.6 kg; PIC TR4 × (Fast LW × PIC L02); PIC, Hendersonville, TN, USA; Fast Genetics, Saskatoon, SK, Canada] were used. Before the start of the experiment, newly weaned pigs were placed into pens with 21 pigs per pen and 30 pens per room. Barrows and gilts were mixed in a pen with a constant sex ratio balanced across pens. Pigs were fed commercial nursery diets in a five-phase feeding program (Table 3) with phases 1 and 2 fed during the pretreatment period. Phase changes were made again by using a feed budget (Table 4) . At the beginning of phase 3 (day 0 of the experiment), pens of pigs were blocked by pen weight and room. The reason for selecting phase 3 to initiate this experiment was based on findings from experiment 1. Each room contained seven complete blocks and a two-pen incomplete block (two incomplete blocks from the adjoining rooms formed a complete block). Within blocks, pens were allotted randomly to one of four treatments with 15 replications per treatment. Treatments consisted of a dose-titration of blending increasing amounts of the last finisher diet (0, 1.25, 2.50, and 3.75 kg per pig, corresponding to 0, 2.5, 5, and 7.5 metric tons of leftover finisher feed per 2,000-head barn, respectively) into the phase 3 nursery diet. The last finisher diet did not contain ractopamine. When the finisher feed was blended with nursery diet, feed delivery followed the sequence of half of the finisher feed budget, a 50:50% blend the last finisher, and phase 3 nursery diets and ended with the remaining budget of the phase 3 nursery diet.
Chemical Analysis
Nine feed samples (five standard nursery diets, one finisher diet, and three blended diets) from experiment 1 and seven feed samples (five nursery diets, one finisher diet, and one blended diet) from experiment 2 were collected directly from the feed robot delivery outlet. Feed samples were delivered to the Kansas State University Swine Laboratory, stored at −20 °C until they were analyzed for dry matter, crude protein, and mineral content (Ward Laboratories, Inc., Kearney, NE). Standard procedures from Association of Official Analytical Chemists (AOAC; 2006) were followed for analysis of moisture (Method 934.01) and crude protein (Method 990.03). To determine the moisture content, samples were weighed, dried to approximately 90% dry matter at 64 °C, and then mixed and ground through a 1-mm sieve, followed by another drying under 105 °C for 3 h. Crude protein was calculated by multiplying N concentration by 6.25 in which percentage N was determined based on thermal conductivity with combustion method. Calcium (Ca), phosphorous (P), zinc, and copper concentrations were analyzed by iCAP 6000 series ICP Emission Spectrometer (Thermo Electron Corporation, Marietta, OH) using methods outlined by AOAC (2012).
Economic Analysis
Calculation of economics were based on a gain value of $1.32 per kg body weight (BW) and feed prices of $0.574, $0.495, $0.429, $0.327, $0.292, and $0.190 per kg of nursery phase 1, 2, 3, 4, 5, and last finisher diets, respectively. Feed prices consisted of costs for ingredients excluding manufacturing and delivery costs. Economic response variables included and were calculated using the following equations: 
Income-over-feed-cost gain value feed cost = -
Statistical Analysis
All data were analyzed using the GLIMMIX procedure of SAS (SAS Institute, Inc., Cary, NC) with pen as the experimental unit. The statistical models for experiment 1 included the fixed effect of treatment (blending phases) and the random effects of weight block, gender, and room. Means were reported as least-squares means and separated by the PDIFF option. For experiment 2, the statistical models included the fixed effect of treatment (finisher feed amount) and the random effects of weight block and room. Contrasts were used to determine the linear and quadratic effects of increasing finisher feed dose. Results were considered significant at P < 0.05 and marginally significant at 0.05 < P < 0.10.
RESULTS
Diet Analysis: Experiments 1 and 2
As expected, the finisher diet contained lower crude protein, Ca, and P concentrations than nursery diets (Table 5 ). Nutrient concentrations in blended diets approximated the average between the finisher diet and the corresponding nursery diet phase, indicating that diets were properly blended.
Experiment 1
From day 0 to 7, there were no differences in growth performance as expected (P > 0.16; Table 6 ) because all pigs received standard phase 1 diet. From day 7 to 14 (phase 2 diets), pigs that received finisher feed blended into the phase 2 diet had decreased (P < 0.01) ADG, ADFI, G:F, and day 14 BW compared with pigs in other treatment groups. From day 14 to 21, blending finisher feed into the phase 3 diet resulted in decreased (P < 0.01) ADG and G:F compared with other treatments, but no differences in ADFI were observed. BWs of pigs fed the finisher diet blended into phase 2 or phase 3 were lower (P < 0.05) than pigs from control and phase 4 blending treatments on day 21. Translate basic science to industry innovation Between day 21 and 28, the switch from the phase 3 to phase 4 budgets occurred in the majority of the pens. During this period, ADG for pigs fed finisher feed blended into the phase 3 or phase 4 diets was lower (P < 0.05) than that of pigs from control with phase 2 blending treatment intermediate. No evidence for differences in ADG among pigs from control and phase 2 blending treatment was observed. Pigs with finisher feed blended into the phase 3 diet had decreased (P = 0.002) ADFI compared with pigs from the phase 4 blending treatment with pigs from the control and phase 2 blending treatments having intermediate ADFI. Pigs receiving finisher feed blended into the phase 4 diet had poorer (P < 0.01) G:F than pigs from other treatments. Also, G:F of pigs from phase 2 blending treatment was lower (P = 0.025) than that of pigs from the control, but was not different from pigs from the phase 3 blending treatment. On day 28, Approximately 2.5 kg/pig of finisher feed was blended with standard nursery diets at the beginning of different phases (as feed budgets presented in Table 2 ). abc Means with different superscripts within a row differ (P < 0.05).
Downloaded from https://academic.oup.com/tas/article-abstract/3/1/408/5257359 by guest on 20 November 2019 BW of pigs fed finisher feed blended into the phase 2 or phase 3 diets was lower (P < 0.05) than those from control and phase 4 blending treatments. From day 28 to 35, the majority of the pens were fed their phase 4 budgets with the diet change from phase 4 to 5 occurring at the end of this week. A marginal treatment effect (P = 0.067) was observed for ADG with pigs that had received finisher feed blended into the phase 2 diet having decreased (P < 0.05) ADG compared with pigs from other treatment groups. However, no evidence of differences in ADFI and G:F was observed. On day 35, BW of pigs that received finisher feed blended during phase 2 was decreased (P < 0.01) compared with those from control and phase 4 blending treatments, but was not different from pigs from phase 3 blending treatment. Pigs that received finisher feed blended into the phase 3 diet also had lower (P = 0.013) BW than pigs fed the control treatment. Pigs fed the last finisher diet blended into the phase 4 diet had similar BW compared with control pigs on day 35.
From day 35 to 47, all pigs were fed a standard phase 5 diet. ADG was similar among treatments. Pigs fed finisher feed blended into the phase 2 or phase 3 diets had decreased (P < 0.05) ADFI compared with control pigs, but they were not different from pigs from phase 4 blending treatment. G:F increased (P < 0.01) in pigs that previously had finisher feed blended into their diets compared with the control. Pigs from phase 3 blending treatment also had better (P = 0.020) G:F than pigs from phase 4 blending treatment.
Overall, blending finisher diet during phase 2 resulted in decreased (P < 0.05) ADG, ADFI, and final BW, but did not affect G:F compared with control pigs or pigs that had finisher diet blended into the nursery phase 4. No evidence for differences in growth performance were observed among pigs from control, phase 3 blending, and phase 4 blending treatments.
Blending the last finisher feed into phase 2 or 3 decreased (P < 0.05) feed cost relative to control pigs and pigs that received blended diet in phase 4, which can be explained by the slightly decreased overall feed intake and lower cost of the finisher diet ( Table 7) . The lower final BW also resulted in pigs that received the finisher diet treatment during phase 2 to have lower (P < 0.05) gain value than pigs from control and phase 4 blending treatments with blending of phase 3 diet intermediate. No treatment effect was observed for feed cost per kilogram of gain. Income-over-feed-cost was numerically decreased for pigs fed blended diets, and the magnitude is greater when pigs received the blended diet at a younger age; however, no statistically significant difference was detected.
Experiment 2
From day 0 to 14, feeding increasing finisher feed amounts tended to decrease (quadratic, P < 0.09) ADG and day 14 BW (Table 8) . ADG was unaffected as the last finisher diet quantity increased from 0 to 1.25 kg/pig but decreased thereafter. There was no strong evidence that ADFI was affected by feeding the finisher diet. However, G:F decreased (linear, P < 0.001) as more finisher feed was blended into the phase 3 nursery diet. From day 14 to 28, pigs previously fed increasing finisher diet amounts had increased (linear, P < 0.05) ADG and G:F. ADFI was unaffected by the finisher feed quantity fed. Overall (day 0 to 28), blending increasing amounts of finisher feed with phase 3 nursery diet decreased ADG (linear, P = 0.050) and tended to decrease ADFI and final BW (linear, P < 0.07). However, there were no evidences of any linear or quadratic effects of increasing the quantity of finisher feed on overall G:F.
Feed cost, gain value, and feed cost per kilogram of gain decreased (linear, P < 0.05) as the quantity of finisher feed fed in phase 3 increased from 0 to 3.75 kg/pig (Table 9 ). However, no evidence of statistical differences in income-over-feedcost was observed among treatments.
DISCUSSION
In a series of two experiments, we evaluated the feeding phase and dose of finisher feed fed to nursery pigs. To the best of our knowledge, this is The budgeted amounts of finisher feed blended into phase 3 nursery diet. the first published study that offered a model for wean-to-finish production systems to evaluate the strategy of managing leftover finisher feed.
In experiment 1, blending the finisher diet in phase 2 decreased growth performance immediately and the negative effects persisted during the subsequent periods. The last finisher diet does not contain specialty protein ingredients and is less palatable, which may be responsible for a low ADFI when fed to young pigs. This is supported by many studies (Skinner et al., 2014; Collins et al., 2017; Tekeste et al., 2017) where reducing diet complexity has led to decreased growth performance during the early nursery phase. In addition, the last finisher diet is deficient in amino acids, Ca, and P concentrations for nursery pigs. These diets also contain growth-promoting levels of zinc, copper, and phytase. Lack of these nutrients has been reported to prevent nursery pigs from achieving maximum growth performance (Hill et al., 2000; Nemechek et al., 2018; Wu et al., 2018) . It is worth noting that the last finisher feed used in this study did not contain fibrous ingredients, such as distiller's dried grains with solubles and wheat middlings, or ractopamine; otherwise, more severe reduction in nursery growth responses may be expected.
When finisher feed was blended in phase 3 or phase 4, an immediate decrease in growth performance was also observed. However, these pigs were able to maintain or increase feed intake to compensate partly for the negative impact of consuming the finisher diet and, therefore, resumed growth performance to levels similar to the control faster and to a greater degree compared with those receiving the finisher diet during phase 2. Interestingly, pigs that previously received blended diets expressed greater G:F from day 35 to 47 compared with control pigs that never received any finisher feed, which might be a result of the decreased feed intake and compensatory gain.
According to the results from experiment 1, blending 2.5 kg finisher feed per pig into phase 3 nursery diet resulted in no observed impact on overall growth performance. The next question was to determine the maximum amount of the last finisher diet blended with phase 3 (initially 12 kg BW) nursery diets without affecting pig performance. Therefore, the second experiment was designed to characterize the dose-response to increasing the leftover finisher diet quantity. The doses evaluated ranged from 0 to 3.75 kg per pig (corresponding to 0 to 7.5 metric tons per 2,000-head barn) blended into nursery phase 3. On the basis of feed intake, pigs that were budgeted 1.25 kg/pig finisher feed had completed their finisher feed budgets by day 4. These pigs were able to fully compensate for any initial lost gain by day 14, but with a slightly poorer G:F, compared with those that did not receive finisher feed. However, pigs that received 2.50 and 3.75 kg/pig finisher feed completed their finisher feed budgets around days 8 and 11, respectively, and thus had less time for compensatory gain by the end of the first growth period (day 0 to 14).
Pigs that previously received finisher feed had compensatory growth during the second growth period (day 14 to 28), and the degree of compensation linearly related to the quantity of finisher feed fed previously. Compensatory growth after a short period of nutrient deficiency has been widely documented in nursery pigs. Stein and Kil (2006) and Nemechek et al. (2018) both reported that pigs that received early nursery diets with deficient amino acids (or crude protein), but late nursery diets with adequate nutrients, were able to fully compensate for overall ADG with unaffected, or even improved, G:F. Although the mechanism behind compensatory growth is not fully understood, Prince et al. (1983) and Kamalakar et al. (2009) suggested that the magnitude of compensatory gain may be influenced by the degree of amino acid restriction and the length of time that pigs are subjected to the restriction. In this study, pigs that received 2.50 or 3.75 kg/pig finisher feed might have experienced prolonged nutrient deficiency and, therefore, had decreased overall ADG and ADFI compared with those allocated 0 or 1.25 kg/pig finisher feed.
In summary, growth performance of nursery pigs was promptly influenced when fed the last finisher feed blended into nursery diets, and its magnitude of change depended on which phase the finisher feed was blended into. When BW was greater than 11 kg (phase 3 in this study), pigs had improved ability to compensate for the negative effects of feeding finisher feed on overall ADG and ADFI. However, increasing the amounts of finisher feed fed to 11-kg pigs resulted in a linear decrease in overall ADG and ADFI.
